Identification of specific amino acid residues in the E. coli beta processivity clamp involved in interactions with DNA polymerase III, UmuD and UmuD'.
Variants of a pentapeptide sequence (QL[S/F]LF), referred to as the eubacterial clamp-binding motif, appear to be required for certain proteins to bind specifically to the Escherichia coli beta sliding clamp, apparently by making contact with a hydrophobic pocket located at the base of the C-terminal tail of each beta protomer. Although both UmuC (DNA pol V) and the alpha catalytic subunit of DNA polymerase III (pol III) each bear a reasonable match to this motif, which appears to be required for their respective interactions with the clamp, neither UmuD not UmuD' do. As part of an ongoing effort to understand how interactions involving the different E. coli umuDC gene products and components of DNA polymerase III help to coordinate DNA replication with a DNA damage checkpoint control and translesion DNA synthesis (TLS) following DNA damage, we characterized the surfaces on beta important for its interactions with the two forms of the umuD gene product. We also characterized the surface of beta important for its interaction with the alpha catalytic subunit of pol III. Our results indicate that although UmuD, UmuD' and alpha share some common contacts with beta, each also makes unique contacts with the clamp. These findings suggest that differential interactions of UmuD and UmuD' with beta impose a DNA damage-responsive conditionality on how beta interacts with the translesion DNA polymerase UmuC. This is formally analogous to how post-translational modification of the eukaryotic PCNA clamp influences mutagenesis. We discuss the implications of our findings in terms of how E. coli might coordinate the actions of the umuDC gene products with those of pol III, as well as for how organisms in general might manage the actions of their multiple DNA polymerases.